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The Mycobacterium avium complex (MAC) includes a 
group of related acid-fast microorganisms which have 
long been recognized as .an uncommon cause of 
pulmonary infection in patients with chronic lung 
disease and cervical lymphadenitis in children, and can 
be isolated from environmental, animal and human 
sources [l-31. In the past, d:isseminated infections due 
to MAC were considered rare, but nowadays they are 
one of the very common systemic bacterial infections 
among patients with AIDS. The MAC includes two 
genetically distinct but difficult-to-discriminate species: 
Mycobarteriiim avium, which predominates in isolates 
obtained from AIDS patients, and Myrobacterium intra- 
cellulare, which is more frequent among non-AIDS 
patients [3]. Because of their different clinical sig- 
nificance, their differentiation in the clinical myco- 
bacteriology laboratory is important. 
Because cultural and biochemical tests provide 
little information for separating these two closely 
related species [l], several 'other methods have been 
developed. To date, 28 different serovars have been 
described. Serovars 1-6, 13-11 and 21 have been 
assigned to M. atrium, and serovars 7 ,  12-20 and 25 to 
M. intrarellulare. Serovar 27 :and perhaps serovar 26 are 
considered to be M.  scrofulaceum serovars. The remain- 
ing serovars could not be assigned to either species and 
their specific status remains unknown [4]. Unfortun- 
ately, several techniques used for serotyping, such as 
high-performance liquid chromatography (HPLC), 
require substantial amounts of the test organism and use 
costly equipment that is found only in a small number 
of clinical laboratories [5]. 
The use of DNA probes based on rRNA gene 
sequences, such as the commercialized AccuProbe 
Culture Identification Test (Gen Probe Inc., San Diego, 
California, USA), is particularly suitable for the 
majority of clinical mycobacteriology laboratories 
because it is simple and rapid [6]. However, previous 
reports have shown that a certain number of MAC 
strains do not react with the AccuProbe Culture 
Identification Test [7,8]. 
Several molecular techniques have been developed 
for identification of these mycobacteria. These include 
amplification of conserved mycobacterial sequences 
followed by hybridization with species-specific probes 
to a variable region within the amplified target [9], 16s 
rRNA sequencing [lo], analysis of the sequence of the 
internal transcribed spacers (ITS) located between the 
genes encoding 16s and 23s rRNAs [ll], automated 
DNA sequence analysis of a fragment of the hsp65 gene 
[I21 and analysis of the 32-kDa protein gene sequence 
[13,14]. Unfortunately, these methods are not easily 
applicable in most clinical laboratories and are limited 
to research centers. 
In this context, PCR-restriction enzyme analysis 
(PRA) [15] of the hsp65 gene, which is present in all 
mycobacteria, offers an easy, fast, and inexpensive 
procedure for identifying several mycobacterial species 
in a single experiment (DNA amplification and 
restriction). With the same aim, a PCR using primers 
to amplify specific DNA fragments (DTI-DT6) has 
been developed recently for the identification of M.  
avium and M. intracellulare species [16]. In the present 
study, we compared the ability of the AccuProbe M. 
avium and M.  intracellulare culture identification test, 
PRA and DT1-DT6 PCR to identify MAC probe 
(AccuProbe System) positive strains to species level. 
Forty-eight clinical isolates obtained from 48 
patients (30 HIV positive and 18 HIV negative) at the 
Hospital de la Santa Creu i Sant Pau (HSCSP) of 
Barcelona were identified as MAC strains on the 
basis of cultural and biochemical methods [17], gas 
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chromatography and the MAC AccuProbe test. These 
isolates represented all the MAC strains isolated during 
the study period (January 1995 to December 1996) and 
20% of the non-tuberculous mycobacteria. 
THE ACCUPROBE SYSTEM 
The commercial AccuProbe MAC, M. avium and M. 
intracellulare Culture Identification test (Gene-Probe. 
Inc.) uses a chemiluminescent-labeled, single-stranded 
DNA probe that is complementary to the ribosomal 
RNA of the target organisms, such that the labeled 
DNA form a stable DNA:RNA hybrid [6]. Different- 
iation between the non-hybridized and hybridized 
probe is based on hybridization protection of the 
acridinium ester label. The hybridization assay was 
performed accordmg to the manufacturer’s instructions. 
The reaction was measured in an AccuLDR photo- 
meter and expressed as photometric light units (PLU). 
A positive reaction was above the cut-off value of 900 
PLU with a repeat range of 600-899 PLU. 
PCR ASSAYS 
The DT1-DT6 PCR method used was similar to that 
described by Devallois et al [8]; AV6 and AV7 primers 
TAC-3’ and 5’-CGTTCGATCGCAGTTTGTGCA- 
GCGCGTACA-3’, respectively) directed the amplific- 
ation of a 187-bp fragment within the DT6 sequence 
of M. avium, whereas the IN38 and IN41 primers (5’- 
GAACGCCCGTTGGCTGGCCATTCACGAAGG 
AG-3’ and 5’-GCGCAACACGGTCGGACAGGCC- 
TTCCTCGA-3’, respectively) directed the amplifica- 
tion of a 666-bp fiagment within the DT1 sequence of 
M. intracellulare [16]. Bacterial isolates were lysed by a 
simple alkali wash and heat method described by Kulski 
et al [18]. Briefly, a loop of bacteria was scraped off 
(5’-ATGGCCGGGAGACGATCTATGCCGGCG- 
Middlebrook 7H10 slants and suspended in 1.5 n L  of 
alkali wash solution (0.5 M NaOH and 0.05 M sodium 
citrate). It was then mixed by inversion for 10 min 
at room temperature and centrifuged at 12000 g for 
5 min. The bacterial pellet was resuspended in 0.5 mL 
of 0.5 M Tris-HC1 (pH 8.0) and centribged as des- 
cribed before. This step was repeated at least once. The 
final deposit ofbacterial cells was resuspended in 0.1 d 
of distilled water, heated at 95°C for 30 min and stored 
at -20°C. Six microliters of the lysate containing the 
crude DNA extract was used for PCR. The amplific- 
ation reaction mixture was analyzed by electrophoresis 
on a 3% NuSieve agarose gel (FMC Bioproducts, 
Rockland, Maine, USA). 
PRA 
PRA is a method based on amplification of a fragment 
of the gene encoding for the 65-kDa heat shock 
protein (hsp6.5). Primers Tbl (5’-ACCAACGAT- 
GGTGTGTCCAT-3‘) and Tb12 (5’-CTTGTCG- 
AACCGCATACCCT-3‘) amplified a 439-bp fragment 
between positions 398 and 836 of the gene sequence 
of this protein [15]. The lysis of mycobacteria was 
done as described above. The PRA method involves 
restriction enzyme analysis of PCR products with 
BrtEII and Hue111 (Boehringer Mannheim GmbH, 
Mannheim, Germany). After digestion, 16 FL of the 
restriction digest was loaded on a 3% NuSieve agarose 
gel (FMC Bioproducts). PhiX-174-RF DNA Hue111 
(Boehringer Mannheim GmbH) served as an external 
molecular size marker. The conversion of the migration 
file of the PRA patterns into a molecular weight data 
file was performed with the BioImage System: Whole 
Band Analyser and Image Acquisition (Millipore 
Corporation, Ann Arbor, Michigan, USA). Results 
from sequential readings of BstEII and HaeIII digestion 
patterns were evaluated with the help of an algorithm 
Table 1 Comparison of M.  avium and M. intracellulare DNA probes (AccuProbe), PRA results and PCR results for 48 MAC 
DNA probe-positive clinical isolates 
AccuProbe resulr P M  resultb PCR result‘ 
MAC M. avinm M. intracellulare BstEII HaeIIl 
probe probe probe digestion digestion DT1 DT6 Identification Totald 
+ + - 245/220 140/105 - + M .  avium 41 (85%) 
+ - + 245/125/100 155/140/60 + - M .  intracellulure 1 (2%) 
+ - + 245/125/100 155/100/60 - - M. intracellulare 1 (2%) 
+ - - 245/125/100 155/140/60 + - M. intracellulare 2 (4%) 
+ - - 245/220 140/105 - - M. avium 3 (6%) 
‘Three of forty-four M. avium isolates and two of four M. intracellulure isolates were negative by AccuProbe DNA species-specific probes. 
bThe running distance on the electrophoresis gel was converted to apparent molecular size in base pairs. The MAC is discriminated by the 
PRA pattern in M .  avium (BstEII 245/220 bp, and HaeIII 140/105 bp) and M.  intracellrrlare (BstEII 245/125/100 bp, and HaeIII 155/140/60 
bp). ‘Three of forty-four isolates speciated as M. avium did not give a DTCPCR-positive result, and one of four M. intracellnlare isolates was 
DTI-PCR negative. dNumber and percentage of MAC isolates which gave the indicated result by AccuProbe, PRA and PCR. 
C o n c i s e  C o m m u n i c a t i o n s  381 
developed by Telenti et a1 [1.5] and recently modified 
by several authors [19-221. 
Forty-two of the 48 isolates (87.5%) gave consist- 
ent results with the three systems, and were identified 
as M.  avium (41 isolates) or as M.  intracellulare (one 
isolate) (Table 1). In six isolates (12.5%), DTI-DT6 
amplification and/or AccutProbe hybrization with 
species-specific probes were negative. Three of the s i x  
isolates were identified as M. intracellulare, two by both 
PRA and DT1 amplification and one by PRA and the 
AccuProbe System. The remaining three isolates were 
classified as M.  avium by PRA. 
According to these results (Table 3). five strains 
(10.4%) were not identified to species level by the 
M. ilvium and M. intracellulare probes of the AccuProbe 
System. Indeed, the AccuProbe test was able to 
identify only 41 of 44 M.  a t h m  strains and two of four 
M.  intracellulare strains. A negative reaction with M.  
avium and M.  intracellulare DNA probes in MAC probe- 
positive strains has been described by Devallois et a1 in 
6% of MAC strains type'd as M.  avium and M.  
irttracellulare by the DT1-DT6 PCR method [8,19]. 
The DT1-DT6 PCR was negative in four strains 
(8.3%), a result that is also consistent with the results of 
Devallois et a1 (5.8%) [8]. DT6 amplification was 
positive for 41 of 44 M.  avium strains, and DT1 in 
three of four M.  intracellulare strains. In a recent study, 
DT1-DT6 PCR was able to identify 100% of 82 strains 
isolated from different geographic areas (Caribbean 
Islands, Europe and the Indian subcontinent) [ 191. 
The PRA test gave consistent results in all the 
strains tested. Forty-four isolates were identified as M. 
avium and four as M.  intracellulare. The restriction pro- 
files observed were those described by Telenti et a1 [15] 
for M.  avium (BstEII 245/220 bp; HaeIII 140/105 bp) 
and M.  intracellulare (BstEII 245/ 125/100 bp; HaeIII 
155/140/60 bp). According to published results, 
M. avium strains show a unique pattern, while five dif- 
ferent patterns have been described for M .  intracellulare 
[15,20,21]. Both the reduced number of M.  intra- 
cellulare strains in our study ,and the fact that they were 
isolated in the same geographic area could be the cause 
of the uniformity of the patterns obtained, as suggested 
by Devallois et al [19]. In the three strains identified as 
M.  avium only by PRA, we analyzed the presence of 
Table 2 Classification to speciies level according to the test 
used 
DTI-DT6 
Identification AccuProbe PRA PCR 
M. avium 41 (85.4%) 44 (91.7%) 41 (85.4%) 
hf. iritracellulare 2 (4.2%) 4 (8.3%) 3 (6.2%) 
Non-classifiable 5 (10.4%) 0 4 (8.3%) 
the IS 1245 insertion sequence, which is highly specific 
to M.  avium [23]. The results confirmed that the strains 
identified as M.  avium by PRA contained IS1215 and 
were indeed M.  avium (data not shown). 
With respect to our results, the cumulative 
identification limit was 89.6% for M. avium and M. 
intracellulare AccuProbe DNA probes (three of 44 M. 
avium isolates and two of four M.  irttracellulare were 
negative by the M. avium and M.  intracellulare probes of 
the AccuProbe System), and 91.6% for DT1-DT6 
PCR probes (three of 44 M.  avium isolates were 
DT6-PCR negative and one of four M.  intracellulare 
isolates was DT1-PCR negative). These values are 
comparable to those of Devallois et al [S], which were 
89.9% and 94.2%, respectively. 
This study shows that the PRA method is more 
sensitive than the AccuProbe System and DT1-DT6 
amplification for the identification of M.  avium and M.  
intracellulare clinical isolates. The cumulative detection 
limit was 100% for PRA. This method has proved to 
be useful for identifying those strains that were not 
classified by either of the other two methods. 
Moreover, an advantage of PRA is its ability to identify 
most clinically encountered mycobacterial species. 
Finally the determination of the restriction fragment 
sizes and the analysis of the restriction patterns were 
easily interpreted visually. The agreement between the 
identification with PRA and DT1-DT6 PCR methods 
was 93.2% for M.  avium and 75.0% for M. intracellulaue. 
whereas between PRA and the AccuProbe System it 
was 93.2% and 50.0% for M.  avium and M.  intracellulare, 
respectively. In conclusion, differentiation between M. 
avium and M.  intracellulare species is essential, because of 
their different clinical significance. Therefore, PRA is 
a valuable alternative for the identification of MAC 
probe-positive strains to species level and is particularly 
suitable for routine clinical microbiology laboratories. 
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Enterococcus spp. are currently important causes of 
nosocomial infections [l] associated with the use of 
urinary and intravascular catheters [Z]. Several studies 
have demonstrated that infection rates are related to the 
duration of catheter usage and the nature and chemical 
composition of the biomaterials used to make medical 
devices [3]. 
Bacterial adherence either to host tissues or bio- 
materials is the first step in the colonization of these 
surfaces. Colonization of medical devices by micro- 
organisms is likely to depend on the ability to adhere 
to solid surfaces, allowing bacteria to form biofilms in 
which they are protected from harmful environmental 
factors. Some bacterial properties, such as surface hydro- 
phobicity, net surface charge and synthesis of exo- 
polysaccharide materials (slime), appear to be the most 
